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S U M M A R Y
Objective: To investigate whether clinical exposure in the hospital affects nasal carriage of methicillin-
resistant Staphylococcus aureus (MRSA) among medical students.
Methods: A total of 322 medical students, both pre-clinical (n = 167) and clinical (n = 155), were
recruited. Specimens were obtained from the nares of the subjects for the detection of S. aureus. A
questionnaire was completed for each subject. All the MRSA isolates were further molecularly
characterized.
Results: The overall S. aureus carriage rate was 19.3%, with a rate of 16.8% for pre-clinical students and
21.9% for clinical students (p = 0.26). The carriage rate of MRSA was 2.2%, with a rate of 2.4% for pre-
clinical students and 1.9% for clinical students (p = 0.54). There was no signiﬁcant difference between the
pre-clinical and clinical students in terms of nasal carriage of S. aureus and MRSA. All seven MRSA isolates
were categorized as community strains in Taiwan. The risk factors for acquisition of S. aureus included
male gender, age 23 years, and not taking antibiotics in the past year.
Conclusions: As in the general population, less than 5% of medical students in northern Taiwan harbored
MRSA, categorized as community strains, in their nares. The carriage of MRSA was not affected by clinical
exposure in the hospital for 1–2 years.
 2012 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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Staphylococcus aureus, one of the most frequently occurring
community- and hospital-associated pathogens, causes infectious
diseases including mild skin infection, endocarditis, and even
fulminant septicemia.1–3 Methicillin-resistant S. aureus (MRSA)
was ﬁrst reported in the early 1960s and rapidly spread in the
1980s.4,5 Nowadays, MRSA is endemic in hospitals worldwide.6 By
the year 2000, methicillin resistance had been identiﬁed in 53–83%
of S. aureus isolates from 12 major hospitals in Taiwan,7,8 including
Chang Gung Memorial Hospital (CGMH), which is situated in
northern Taiwan. Outside of the hospitals, MRSA has also emerged
in the Taiwanese community since the late 1990s.9 Community-
associated MRSA (CA-MRSA) strains reported in Taiwan are
genetically different from healthcare-associated MRSA (HA-
MRSA). The former are usually characterized by relatively limited
antibiotic resistance, possessing different exotoxin gene proﬁles
(e.g. Panton–Valentine leukocidin (PVL)), carrying staphylococcal
cassette chromosome mec (SCCmec) types IV or VT, and belonging
to multilocus sequence type (MLST) ST59 lineage.9* Corresponding author. Tel.: +886 3 3281200; fax: +886 3 3288957.
E-mail address: ychuang@adm.cgmh.org.tw (Y.-C. Huang).
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a prolonged duration may cause an increase in carriage of MRSA
among hospital personnel.10–12 In Taiwan, Wang et al.13 surveyed
3098 adults attending for a health examination and found that 3.8%
of the subjects harbored MRSA in their nares. At our hospital, the
rate among healthcare workers (HCWs) was reported to be 6.6%14
on the pediatric ordinary wards and 7.8%15 in the neonatal
intensive care units (ICU). These studies raised our concern of
MRSA carriage among the clinical medical students who have been
exposed to the hospital environment. There are few published
reports on this issue,16–23 and none have been from Taiwan.
Therefore, we conducted this study among the medical students of
Chang Gung University, who have clinical exposure in CGMH from
their ﬁfth year onwards. The aim was to determine the prevalence
and molecular epidemiology of MRSA among the medical students,
stratiﬁed by pre-clinical and clinical groups, in Taiwan.
2. Subjects and methods
2.1. Subjects
Chang Gung University is located in a rural area of northern
Taiwan; the campus itself makes a good isolated community.ses. Published by Elsevier Ltd. All rights reserved.
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of both schools study on the same campus, without clinical
exposure during their ﬁrst three years. Starting in their ﬁfth year,
they have daily clinical exposure at CGMH until graduation. The
fourth year students have only 4 h of clinical exposure per week.
Therefore in this study, eligible subjects were medical students
(from both schools) except fourth grade students. We excluded the
fourth graders to minimize selection bias.
Students were divided into two groups: pre-clinical and clinical.
The pre-clinical group, which included ﬁrst- to third-year students
(enrolled from 2007 to 2009), was considered to be representative
of the community; the clinical group, consisting of ﬁfth- and sixth-
year students (enrolled before 2005), had at least one year of
clinical exposure at CGMH. Eligible subjects were invited to
participate, and samples were taken from their anterior nares for
the detection of S. aureus after written informed consent was
obtained. A questionnaire was completed for each subject;
information collected included demographics and risk factors for
the acquisition of S. aureus. Specimens were collected at the end of
academic year to ensure subjects in the clinical group had at least
one full year of clinical exposure.
2.2. Methods
For each subject, a nasal swab specimen was collected from the
anterior nares using a dry Copan Transystem Liquid Stuart swab
(Venturi Transystem, Copan Innovation Ltd, Limerick, Ireland).
Each swab was rubbed inside the anterior nares, ﬁrst into one side
and then into the other, ensuring that each swab contained
specimens from both nares of each subject. These swabs were then
transported at room temperature and processed within 4 h. They
were ﬁrst cultured on blood agar plates (BAPs). Isolates presenting
b-hemolysis and a coagulase-positive reaction were identiﬁed as S.
aureus. They were then cultured on Mueller–Hinton agar. Cefoxitin
disks (potency 30 mg) were placed to determine the antibiotic
susceptibility to cefoxitin by the disk diffusion method, in
accordance with the Clinical and Laboratory Standards Institute
(CLSI) guidelines.24 The zone diameter of susceptibility was set at
>20 mm. S. aureus ATCC 25923 was used as the control isolate. In
this way we categorized the S. aureus isolates as being either
methicillin-susceptible (MSSA) or methicillin-resistant (MRSA).
The susceptibility of the MRSA isolates to an additional nine
antibiotics, including doxycycline, vancomycin, teicoplanin, peni-
cillin, co-trimoxazole, erythromycin, clindamycin, linezolid, and
fusidic acid was also determined using a similar disk diffusion
method, in accordance with the recommendations of the CLSI.24
(The disk potency and zone diameter standards for each antibiotic
are listed in Appendix 1.)
Pulsed-ﬁeld gel electrophoresis (PFGE) with SmaI digestion was
used to ﬁngerprint MRSA isolates using a procedure described
previously.7,14,25–27 The genotypes were given in alphabetical
order. PFGE patterns with fewer than four band differences from an
existing genotype were deﬁned as subtypes of that genotype.25–27
SCCmec typing was done by a multiplex PCR strategy as describedTable 1
Comparison of demographics and nasal carriage of Staphylococcus aureus among pre-cl
Characteristics Total (n = 322) Pre-clinical (n = 167)
Age (years), mean  SD 22.32  2.789 20.31  1.664 
Median 22 20 
Male gender 230 (71.4) 122 (73.1) 
Major in medicine 270 (83.9) 140 (83.8) 
Nasal carriage of MSSA 55 (17.1) 24 (14.4) 
Nasal carriage of MRSA 7 (2.2) 4 (2.4) 
Nasal carriage of S. aureus 62 (19.3) 28 (16.8) 
Results are n (%), unless otherwise stated. OR, odds ratio; CI, conﬁdence interval; MSSAby Oliveira and Lencastre28 and used in our previous stud-
ies.7,14,25,29 Control strains for SCCmec types I, II, III, and IVa, kindly
provided by Dr Keiichi Hiramatsu, were as follows: type I,
NCTC10442; type II, N315; type III, 85/2082; and type IVa,
JCSC4744. SCCmec typing for type VT was determined by a
particular primer described elsewhere, and the strain TSGH-17,
kindly provided by Dr Chi-Chien Wang, was used as control. The
presence of PVL genes was determined by a PCR strategy described
previously.7,14,25,29 MLST was performed for selective strains of
representative PFGE patterns as described elsewhere.29
We performed the statistical analyses using SPSS for Windows,
version 17.0. Appropriate Chi-square tests and Yates’ correction
were used for the analysis. Odds ratios (OR) and 95% conﬁdence
intervals (CI) were also calculated. We used the two-sample t-test
to compare means between two continuous variables. We further
analyzed potential predictors of colonization; variables with
p = 0.05 in the univariate analysis were entered into a multiple
logistic regression model in SPSS. The multivariate analysis was
performed using two-tailed tests, and statistical signiﬁcance was
based on p  0.05.
3. Results
A total of 322 students, including 167 pre-clinical and 155
clinical medical students, were recruited into this study. Age
ranged from 18 to 41 years, with a mean of 22.3 years. In the pre-
clinical group, the mean age was 20.3 years and in the clinical
group, 24.5 years. The male to female ratio was 1:0.4. Of the study
subjects, 83.9% were students majoring in medicine, while 16.1%
were Chinese medicine students (Table 1).
3.1. Nasal carriage of S. aureus among medical students
Overall, S. aureus was identiﬁed in 62 students (19.3%),
including MSSA in 55 students (17.1%) and MRSA in seven
students (2.2%). The mean ages of carriers of S. aureus and MRSA
were 22.63 (standard deviation (SD) 2.271) and 22.0 (SD 1.633),
respectively. Carriage rates of MSSA, MRSA, and S. aureus were
calculated for the two groups. Appropriate Chi-square tests were
used to ﬁnd statistically signiﬁcant differences. The nasal MSSA
carriage rate was higher in the clinical group (20.0%) than in the
pre-clinical group (14.4%), while the nasal MRSA carriage rate was
higher in the pre-clinical group (2.4%) than in the clinical group
(1.9%). However, no signiﬁcant differences were found between
the two groups in terms of nasal carriage of MSSA and MRSA
(Table 1).
3.2. Risk factor assessment for S. aureus and MRSA nasal carriage
Table 2 shows the comparison of the potential risk factors for
the acquisition of S. aureus between the carriers and the non-
carriers. No signiﬁcant association was found between
carriers and non-carriers of MRSA. Carriage of S. aureus was
signiﬁcantly associated with male gender (p = 0.036; OR 2.098,inical and clinical medical students
 Clinical (n = 155) p-Value OR (95% CI)
24.49  2.027
24
108 (69.7)
130 (83.9)
31 (20) 0.18 1.490 (0.830–2.673)
3 (1.9) 0.54 0.804 (0.177–3.562)
34 (21.9) 0.26 1.395 (0.800–2.433)
, methicillin-sensitive S. aureus; MRSA, methicillin-resistant S. aureus.
Table 2
Comparison of characteristics between medical students with and without methicillin-resistant Staphylococcus aureus or S. aureus nasal carriagea
Characteristics Nasal carriage of MRSA Nasal carriage of S. aureus
n (%) p-Value n (%) p-Value
Age group, years 0.715 0.009
23 (n = 160) 3 (1.9%) 40 (25%)
<23 (n = 162) 4 (2.5%) 22 (13.6%)
Gender 0.672 0.036
Male (n = 230) 6 (2.6%) 51 (22.2%)
Female (n = 92) 1 (1.1%) 11 (12.0%)
Major in 0.892 0.449
Medicine (n = 270) 6 (2.2%) 54 (20%)
Chinese medicine (n = 52) 1 (1.9%) 8 (15.4%)
Year grade 0.470 0.486
1 (n = 96) 1 (1.0%) 14 (14.6%)
2 (n = 3) 0 (0%) 0 (0%)
3 (n = 68) 3 (4.4%) 14 (20.6%)
5 (n = 106) 3 (2.8%) 25 (23.6%)
6 (n = 49) 0 (0%) 9 (18.4%)
Duration of clinical exposure (years) 0.511 0.374
0 (n = 167) 4 (2.4%) 28 (16.8%)
1 (n = 106) 3 (2.8%) 25 (23.6%)
2 (n = 49) 0 (0%) 9 (18.4%)
Any family member a HCW 0.275 0.434
Yes (n = 81) 3 (3.7%) 18 (22.2%)
No (n = 241) 4 (1.7%) 44 (18.3%)
Any date a HCW 0.697 0.692
Yes (n = 32) 1 (3.1%) 7 (21.9%)
No (n = 290) 6 (2.1%) 55 (19.0%)
Prior hospitalization in past 1 year 0.632 0.091
Yes (n = 10) 0 (0%) 4 (40%)
No (n = 312) 7 (2.2%) 58 (18.6%)
Use of antibiotics in past 1 year 0.375 0.028
Yes (n = 105) 4 (3.8%) 18 (17.1%)
No (n = 148) 2 (1.4%) 37 (25%)
Not known (n = 69) 1 (1.4%) 7 (10.1%)
Physical contact with S. aureus-infected patient 0.943 0.625
Yes (n = 79) 2 (2.5%) 17 (21.5%)
No (n = 85) 2 (2.4%) 18 (21.2%)
Not known (n = 158) 3 (1.9%) 27 (17.1%)
History of S. aureus infection 0.306 0.282
Yes (n = 12) 1 (8.3%) 4 (33.3%)
No (n = 180) 3 (1.7%) 37 (20.6%)
Not known (n = 130) 3 (2.3%) 21 (16.2%)
MRSA, methicillin-resistant Staphylococcus aureus; HCW, healthcare worker.
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CI 1.194–3.768). Participants who had taken antibiotics in the
past 1 year had a signiﬁcantly lower rate of S. aureus carriage
than those who had not (17.1% vs. 25%, p = 0.028). With
marginal signiﬁcance, subjects who had been hospitalized
within the past 1 year had a higher S. aureus carriage rate than
those who had not (40% vs. 18.6%, p = 0.091; OR 2.920, 95% CI
0.798–10.680).
There was no signiﬁcant difference between the carriers and
non-carriers of S. aureus in terms of different departments of the
hospital, different year grades, clinical exposure years, having a
family member who is a HCW or not, having a date who is a HCW or
not, having a history of previous S. aureus infection or not, or having
physical contact with an S. aureus-infected patient or not; neither
was exposure in speciﬁc hospital departments signiﬁcant (data not
shown in Table 2).
3.3. Molecular characteristics and antibiotic susceptibility
of MRSA strains
All seven MRSA isolates were further characterized molecular-
ly. Table 3 illustrates the detailed molecular characteristics of these
strains. Two PFGE patterns with one major type (type C) were
identiﬁed. All six isolates with PGFE type C carried SCCmec IV, and
none had PVL genes. The single isolate with PFGE type D carriedSCCmec VT and had PVL genes. Three isolates were selected for
MLST analysis and spa typing; only one sequence type (ST59) and
one spa type (t437) were identiﬁed. All seven isolates were
susceptible to teicoplanin, vancomycin, doxycycline, fusidic acid,
linezolid, and co-trimoxazole. In contrast, only two of them were
susceptible to erythromycin and clindamycin; the others were
resistant to both.
4. Discussion
Results from the present study indicate that 2.2% of the medical
students (2.4% of pre-clinical and 1.9% of clinical) in northern
Taiwan harbored MRSA in their nares. One to two years’ clinical
exposure did not affect the carriage rate of MRSA. The carriage rate
of MRSA among medical students was less than that in the general
population (3.8%)13 and that among healthcare workers (6.6–
7.8%)14,15 in northern Taiwan.
Table 4 shows a comparison of MRSA colonization among
medical students reported in the English language literature.16–
23 With the exception of the report from India,18 the carriage
rate of S. aureus among medical students ranged from 11.1% to
39.6%. In the three reports from Australia,23 Japan,19 and
Nigeria,21 none of the recruited medical students harbored
MRSA, and the carriage rate of MRSA ranged from 0.8% to 2.8% in
the other ﬁve reports. The carriage rate of S. aureus and MRSA
Table 3
Molecular characteristics and antibiotic susceptibility of seven methicillin-resistant Staphylococcus aureus isolates from medical studentsa
Isolate No. Molecular characteristics Antibioticsb
PFGE pattern SCCmec type PVL genes MLST type spa typing Erythromycin Clindamycin
1 C IV Negative 59 t437 R R
2 D VT Positive 59 t437 R R
3 C IV Negative 59 t437 S S
4 C IV Negative N/A N/A S S
5 C IV Negative N/A N/A R R
6 C IV Negative N/A N/A R R
7 C IV Negative N/A N/A R R
PFGE, pulsed-ﬁeld gel electrophoresis; SCCmec, staphylococcal cassette chromosome mec; PVL, Panton–Valentine leukocidin; MLST, multilocus sequence type; N/A, not
applicable; R, resistant; S, sensitive.
a Three representative isolates (numbers 1–3) were selected to undergo MLST type identiﬁcation.
b All isolates were sensitive to teicoplanin, vancomycin, doxycycline, fusidic acid, linezolid, and co-trimoxazole and resistant to penicillin.
Table 4
Comparison of MRSA colonization among medical students reported in the English language literaturea
Reference Published year Country Total number of subjects Colonization of MRSA, n (%) Colonization of S. aureus, n (%)
Pre-clinical group Clinical group Total Pre-clinical group Clinical group Total
This study - Taiwan 322 4 (2.4%) 3 (1.9%) 7 (2.2%) 28 (16.8%) 34 (21.9%) 62 (19.3%)
Ma et al.16 2011 China 2103 22 (1.0%) N/A 22 (1.0%) 234 (11.1%) N/A 234 (11.1%)
Slifka et al.17 2009 USA 182 2 (2.1%) 3 (3.4%) 5 (2.7%) N/A N/A 62 (34.1%)
Baliga et al.18 2008 India 50 N/A 12 (24%) 12 (24%) N/A 44 (88%) 44 (88%)
Adesida et al.21 2007 Nigeria 182 N/A N/A 0 (0%) N/A N/A 26 (14.3%)
Guclu et al.20 2007 Turkey 179 N/A N/A 5 (2.8%) 12 (15.4%) 38 (37.6%) 50 (27.9%)
Higuchi et al.19 2007 Japan 98 0 (0%) N/A 0 (0%) 36 (36.7%) N/A 36 (36.7%)
Berthelot et al.22 2004 France 124 N/A 1 (0.8%) 1 (0.8%) N/A 34 (27.4%) 34 (27.4%)
Stubbs et al.23 1994 Australia 808 0 (0%) 0 (0%) 0 (0%) 68 (35.2%) 252 (40.9%) 320 (39.6%)
N/A, not applicable.
a Data were re-grouped into pre-clinical and clinical groups according to the information provided in the original articles.
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was quite high and up to 88% and 24%, respectively. Molecular
characterization of the MRSA isolates from medical students was
performed in one study from China16 and showed that 77% of 22
MRSA isolates carried either type IV or V SCCmec, indicating
community origin.
In the current study, six of seven MRSA isolates shared
common molecular characteristics, as ST59/PFGE C/SCCmec IV/
PVL-negative, which is the most common clone of the colonizing
strains in the general population of Taiwan. The remaining one
isolate, characterized as ST59/PFGE D/SCCmec VT/PVL-positive,
was among the most common clones of clinical CA-MRSA isolates
in Taiwan.2,9 Both clones belong to community clones in Taiwan.
Comparative genomics of 14 representative strains of the two
clones using microarray suggested that the PVL-positive clone did
not carry additional genetic determinants except for the PVL
prophage.30 The results suggest that these medical students might
have acquired MRSA colonization in the community rather than in
the hospital. This could be explained by their limited clinical
exposure and limited opportunities to enter ICUs, where MRSA
prevails.
Due to the relatively small number of cases, we failed to
identify any risk factor for the acquisition of MRSA among the
medical students in the current study. With regard to the
carriage of S. aureus, neither years of clinical exposure nor year
grade of the medical students was associated with differences in
the rates of carriage. However, we found that students aged 23
years were signiﬁcantly more likely to carry S. aureus than those
aged <23 years, which is consistent with a previous report.30
This study also found that male gender was signiﬁcantly
associated with S. aureus colonization, as also shown in many
other studies.31–34 Personal hygiene and genetic aspects mayexplain this ﬁnding. Furthermore, medical students who took
antibiotics in the past year were signiﬁcantly less likely to be
colonized by S. aureus compared with those who did not. This
ﬁnding is in agreement with that of the study of Bischoff
et al.30
There were several limitations to the current study. Students
were sampled at the end of the academic year. Year 7 medical
students, who had had 3 years of clinical exposure, graduated 1
month earlier – before we started this project – and were
therefore not recruited. Thus, we had no data for those who had
had 3 years of clinical exposure. The total number of subjects
was not large enough to draw any deﬁnite conclusions. A
longitudinal study may be performed to conﬁrm the relationship
between MRSA/S. aureus carriage and age, and clinical
exposures.
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Staphylococcus aureus by disc diffusion methods.
Disk potency
(mg)
Zone diameter interpretive standards
Resistant
()
Intermediate Susceptible
()
Doxycycline 30 12 13–15 16
Vancomycin 30 9 10–11 12
Teicoplanin 30 13 14–22 23
Penicillin 10 28 – 29
Co-trimoxazolea 1.25/23.75 10 11–15 16
Erythromycin 15 13 14–22 23
Clindamycin 2 14 15–20 21
Linezolid 30 – – 21
Fusidic acid 10 17 17–21 21
a Trimethoprim–sulfamethoxazole.
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